Considering the Generalized Minimal Supergravity Model (GmSUGRA) in the Minimal Supersymmetric Standard Model (MSSM), we study the Electroweak Supersymmetry (EWSUSY), where the squarks and/or gluino are heavy around a few TeVs while the sleptons, sneutrinos, Bino, Winos, and/or Higgsinos are light within one TeV. We resolves the (g −2) µ /2 discrepancy for the muon anomalous magnetic moment in the Standard Model (SM) successfully and identifies a parameter space where such solutions also have the electroweak fine-tuning measures ∆ EW 16.5 (6%) and ∆ EW 25 (4%) without and with the WMAP bounds, respectively. We find that the allowed mass ranges, which are consistent within 3σ of the g − 2 discrepancy, for the lightest neutralino, charginos, stau, stau neutrinos, and first two-family sleptons are [44, 390] GeV, [100, 700] GeV, [100, 700], and [52, 700] GeV, respectively. Moreover, our solutions satisfy the latest bounds reported by the ATLAS and CMS Collaborations on electroweakinos and sleptons. The colored sparticles such as light stop, gluinos, and the first two-generation squark masses have been found in the mass ranges of [500, 3000] GeV, [1300, 4300] GeV, and [1800, 4200] GeV, respectively. To obtain the observed dark matter relic density for the Lightest Supersymmetric Particle (LSP) neutralino, we have the bino-wino, LSP neutralino-stau, and LSP neutralino-tau sneutrinos coannihilation scenarios, and the resonance solutions such as A-pole, Higgs-pole, and Z-pole. We identify the higgsino-like LSP neutralino and display its spin-independent and spin-dependent cross sections with nucleons. We present ten benchmark points which can be tested at the up coming collider searches as well.
Introduction
It is well-known that supersymmetry (SUSY) provides a natural solution to the gauge hierarchy problem in the Standard Model (SM). In the supersymmetric SMs (SSMs), gauge coupling unification can be realized which strongly indicates the Grand Unified Theories (GUTs), and the electroweak (EW) gauge symmetry can be broken radiatively due to the large top quark Yukawa coupling. If conservation of R-parity is assumed, the Lightest Supersymmetric Particle (LSP) such as neutralino is a dark matter candidate. Thus, SUSY is the most promising new physics beyond the SM.
From the first run of the LHC, a SM-like Higgs boson with mass m h around 125 GeV was discovered in July 2012 [1, 2] . This is a little bit heavy for the Minimal SSM (MSSM) since it requires the multi-TeV top squarks with small mixing or TeV-scale top squarks with large mixing. Moreover, we have strong constraints on the parameter space in the SSMs from the LHC SUSY searches. For example, the gluino mass mg should be heavier than about 1.7 TeV if the first two-generation squark mass mq is around the gluino mass mq ∼ mg, and heavier than about 1.3 TeV for mq mg [3, 4] . Inspired by the LHC Higgs [5] and SUSY [6] searches, as well as the experimental results/constraints on B physics [7, 8] and Flavour Changing Neutral Current (FCNC) [9, 10, 11] , anomalous magnetic momentum of the muon [12, 13] , dark matter relic density from WMAP experiment [14] , and direct dark matter search from XENON100 experiment [15] , one of us (TL) with his collaborators proposed the Electroweak Supersymmetry (EWSUSY), where the squarks and/or gluino are heavy around a few TeVs while the sleptons, sneutrinos, bino, winos, and/or higgsinos are light within one TeV [16] . Especially, the EWSUSY can be realized in the Generalized Minimal Supergravity (GmSUGRA) [17, 18] .
In this paper, we shall systematically study the SM (g − 2) µ /2 discrepancy for the muon anomalous magnetic moment in the MSSM with the EWSUSY from GmSUGRA. We find that the EWSUSY from GmSUGRA not only resolves the (g − 2) µ /2 anomaly but also addresses the Electroweak Fine Tuning (EWFT) problem. We show the preferred mass ranges for some SUSY Breaking (SSB) terms required to explain the muon (g − 2) µ /2 anomaly. It is wellknown that neutralinos, charginos (collectively known as electroweakinos), and sleptons play very important roles in addressing the muon (g − 2) µ /2 anomaly. We show that the EWSUSY from GmSUGRA very effectively resolves the muon (g − 2) µ /2 anomaly. The allowed mass ranges consistent within 3σ of (g − 2) µ /2 discrepancy for the LSP neutralino, charginos, stau, stau neutrinos, and first two-family sleptons are [44, 390] GeV, [100, 700] GeV, [100, 700] , and [52, 700] GeV, respectively. Recently, the ATLAS and CMS Collaborations have reported new bounds on electroweakinos as well as all three families of sleptons and sneutrinos depending on 1 various assumptions and topologies. We discuss these bounds in some detail and find that our solutions are consistent with these bounds and still provide resolution to the muon magnetic dipole moment anomaly within 3σ. We also note that some portions the parameter space are not only consistent with all the collider and astrophysical bounds but also provides even within 1σ contributions to the muon (g − 2) µ /2 and hence resolves discrepancy successfully.
For color sparticles, we note that the light stop is the lightest colored sparticle in our data having mass range [500, 3000] GeV, while gluino mass range is [1300, 4300] GeV. This gluino mass range shrinks a little to 3000 GeV if we insist on dark matter relic density bounds.
The first two-family squarks lie in the mass ranges from 1800 GeV to 4200 GeV. We also identify a viable parameter space which satisfies all the bounds including 5σ WMAP9 bounds, resolves the muon (g − 2) µ /2 anomaly, as well as provides solutions with small EWFT. We note that in our data the minimal EWFT measures ∆ EW ∼ 16.5 (6%) and ∆ EW ∼ 25 (4%)
without and with the WMAP9 bound, respectively. In our present scans we find that in order to obtain the observed dark matter relic density, we have the bino-wino, LSP neutralino-stau, LSP neutralino-tau sneutrino coannihilation scenarios and resonance solutions such as A-resonance, Higgs-resonance and Z-resonance for bino-like neutralino. Moreover, we comment on the binolike solutions which do not satisfy the WMAP9 bounds. Apart from the bino-like LSP, we have wino-like and higgsino-like LSPs. Such solutions have under abundance relic density. We comment on such wino-like LSP solutions. We display graphs for direct and indirect searches for higgsino-like LSP. Finally we present ten benchmark points in two tables showing some characteristic features of our models.
This paper is organized as follows. In Section 2, we briefly describe the GmSUGRA model and the SSB parameters. We also briefly discuss (g µ − 2)/2 anomaly and describe our definition of EWFT. In Section 3, we outline the detailed SSB parameters, the ranges of numerical values employed in our scan, the scanning procedure, and the relevant experimental constraints that we have considered. We discuss results of our scans in Section 4. A summary and conclusion are given in Section 5.
The EWSUSY from the GmSUGRA in the MSSM
In the GmSUGRA [17, 18] , one can realize the EWSUSY, where the sleptons and electroweakinos (charginos, bino, wino, and/or higgsinos) are within one TeV while squarks and/or gluinos can be in several TeV mass ranges [16] . Moreover, the gauge coupling relation and gaugino magnetic moment of the muon [12] shows a discrepancy with the experimental results [13] , which is quantified as follows
If SUSY does exist at the EW scale, then the main SUSY contributions to a µ come from the neutralino-smuon and chargino-sneutrino loops and are given as
where M i (i = 1, 2) are the weak scale gaugino masses, µ is the higgsino mass parameter,
, and m SU SY is the sparticle mass circulating in the loop. It is also evident from Eq. (9) that by having appropriately light m SU SY masses (electroweakinos and sleptons), we may have sizeable SUSY contributions to ∆a µ . In order to address the g − 2 anomaly between experiment and theory, new direct measurements of the muon magnetic moment with fourfold improvement in accuracy have been proposed at Fermilab by E989 experiment, and J-PARC [20] . First results from E989 are expected around 2017/18. These measurements will firmly establish or constrain new physics effects. Spurred by these developments new studies have been done in order to explore this opportunity [16, 21] . In this article while doing general scans we resolve the muon (g − 2) µ /2 successfully and add new dark matter channels such as Higgs-resonance and Z-resonance consistent with ∆a µ values within 3σ in addition to the previously reported channels [16, 22] . Moreover, we show that our solutions while having previously mentioned properties, also have small electroweak fine-tuning (defined below). In our scans, the sleptons and electroweakinons mass ranges, which are required to address the (g − 2) µ /2 problem, are in agreement with Refs. [16, 22, 23] .
The Electroweak Fine Tuning
It is interesting to note that in addition to resolve a µ anomaly, the EWSUSY from GmSUGRA can also accommodate the solutions with small EWFT. In the first site it appears contradictory.
At one hand, from Eq. (9) it appears that the large values of µ are required for sizeable a SU SY µ contributions. On the other hand, small EWFT requires small values of µ. But after looking at Eq. (9) more carefully, we see that by having suitable large values for gaugino masses and tan β, and small values for electroweakino and slepton masses, one can compensate the small values of µ (required for small EWFT) and still resolve a µ anomaly.
We use the latest (7.84) version of ISAJET [24] to calculate the fine-tuning (FT) conditions at the EW scale M EW . After including the one-loop effective potential contributions to the 3 For complete one-loop result, see Ref. [19] . 4 tree-level MSSM Higgs potential, the Z-bosom mass M Z is given by . All parameters in Eq. (10) are defined at the M EW . In order to measure the EWFT condition we follow [25] and use the following definitions
Here, k labels the SM and SUSY particles that contribute to the one-loop Higgs potential. For the fine-tuning measure we define
Note that ∆ EW only depends on the weak-scale parameters of the SSMs, and then is fixed by the particle spectra. Hence, it is independent of how the SUSY particle masses arise. Lower 
Phenomenological Constraints and Scanning Procedure
We employ the ISAJET 7.84 package [24] to perform random scans over the parameter space given below. In this package, the weak scale values of the gauge and third generation Yukawa couplings are evolved to M GUT via the MSSM renormalization group equations (RGEs) in the DR regularization scheme. We do not strictly enforce the unification condition g 3 = g 1 = g 2 at M GUT , since a few percent deviation from unification can be assigned to the unknown GUTscale threshold corrections [26] . With the boundary conditions given at M GUT , all the SSB parameters, along with the gauge and Yukawa couplings, are evolved back to the weak scale
In evaluating Yukawa couplings the SUSY threshold corrections [27] are taken into account at the common scale M SUSY = √ mt L mt R . The entire parameter set is iteratively run between M Z and M GUT using the full two-loop RGEs until a stable solution is obtained. To better account for the leading-log corrections, one-loop step-beta functions are adopted for gauge and
Yukawa couplings, and the SSB parameters m i are extracted from RGEs at appropriate scales m i = m i (m i ). The RGE-improved one-loop effective potential is minimized at an optimized scale M SUSY , which effectively accounts for the leading two-loop corrections. The full one-loop radiative corrections are incorporated for all sparticles.
The requirement of radiative electroweak symmetry breaking (REWSB) [28] puts an important theoretical constraint on parameter space. Another important constraint comes from limits on the cosmological abundance of stable charged particle [29] . This excludes regions in the parameter space where charged SUSY particles, such asτ 1 ort 1 , become the LSP. We accept only those solutions for which one of the neutralinos is the LSP.
Using parameters given in Section 2, we have performed the random scans for the following parameter ranges 100 GeV ≤m U 0 ≤ 5000 GeV , 100 GeV ≤M 1 ≤ 900 GeV , 100 GeV ≤M 2 ≤ 800 GeV , 100 GeV ≤mL ≤ 800 GeV , 100 GeV ≤mẼc ≤ 800 GeV , 100 GeV ≤mH
Also, we consider µ > 0 and use m t = 173.3 GeV [30] . Note that our results are not too sensitive to one or two sigma variation in the value of m t [31] . We use m DR b (M Z ) = 2.83 GeV as well which is hard-coded into ISAJET. Also note that we will use the notations A t , A b , A τ for A U , A D and A E receptively.
In scanning the parameter space, we employ the Metropolis-Hastings algorithm as described in [32] . The data points collected all satisfy the requirement of REWSB, with the neutralino being the LSP. After collecting the data, we require the following bounds (inspired by the LEP2 experiment) on sparticle masses
Moreover, we use the IsaTools package [33, 34] and Ref. [35] to implement the following 6 B-physics constraints
2.99 × 10
In addition to above constraints we impose the following bounds from the LHC and WMAP9
4.7 × 10 −10 ≤ ∆a µ ≤ 52.7 × 10 −10 (3σ) [13] . (24) 4 Numerical Results
The Preferred Masses Required by ∆a µ
In this subsection we present results of our scans. In Figs. 1-2 we present graphs of ∆a µ versus the input parameters given in Section 3. In these plots, grey points satisfy the REWSB and LSP neutralino conditions, aqua points satisfy the mass bounds, B-physics bounds, and 123 GeV m h 127 GeV, and red points are subset of aqua points that also satisfy the WMAP9 5σ
bounds. In Fig. 1 , we display graphs in
A τ − ∆a µ , and tan β − ∆a µ planes. At first we did general scans over the parameter space given by Eq. (13) and then we did the dedicate scans around the phenomenologically interesting solutions. These dedicated searches appear as patches in the graphs. In the top left panel we see that aqua points have M 1 mass range [100, 900] GeV which also have 3σ to 1σ contributions to ∆a µ . There is a lack of grey points between 800 GeV M 1 900 GeV. It is because initially we generated data up to M 1 = 800 GeV. In order to get the light CP-even Higgs boson mass around 125 GeV, we then did some dedicated searches where we had to increase upper ranges of a couple of input parameters. This is the reason why one can see the sharp cut in grey points in this plot and the plot for A t (= A b ) − ∆a µ plane. Another point to be noted is that we do not see any preferred range of M 1 to have large contribution to ∆a µ . Apparently, there are more points between 400 GeV M 1 800 GeV where we see large values for ∆a µ . But In the middle left panel we display values for M 3 which we calculate using Eq. (4). Here one can see that we have solutions with both M 3 < 0 and M 3 > 0. In order to have 3σ or better ∆a µ contributions and remain consistent with the constraints discussed in Section 3, we need in both cases |M 3 | > 500 GeV and which indicates relatively heavy gluino. The right middle panel depicts that in our model we need |A t | = |A b | > 3000 GeV to provide the sizeable SUSY contribution to ∆a µ and consistent with the bounds given in Section 3. These relatively large values of |A t | will also help to get Higgs boson mass around 125 GeV. In the left bottom panel we observe that aqua solutions have A τ range anywhere between −800 GeV A τ 800GeV.
But for red points we have −600 GeV A τ 800GeV. The bottom right panel shows range for tan β consistent with 3σ bounds of ∆a µ . We see that the contributions to ∆a µ increase as tan β increases, which can be understood from Eq. (9). For tan β ≈ 12-60 and 20-25 respectively for aqua and red points, we have solutions within 1σ (20.7 × 10 −10 − 36.7 × 10 −10 ) bounds on ∆a µ . We also note large ∆a µ contributions for 40 tan β 60 for aqua points.
In Fig. 2 we show plots in m U 0 − ∆a µ , mẼc − ∆a µ , mL − ∆a µ , mQ − ∆a µ , mŨc − ∆a µ , and mDc − ∆a µ planes. The colour coding is the same as in Fig. 1 . In top left panel we see that m U 0 is any where between 100-3600 GeV if we consider aqua points but for red point it is restricted to be around 3000 GeV. In the right top panel we observe that aqua points within 3-2σ bounds on ∆a µ have m E c from 100 to 800 GeV. Similarly, red points share the same mass range. The 
and m SU SY is small (as can be seen below in Fig. 4) , one can indeed have sizable ∆a µ . In our data the minimal value of ∆ EW is about 16.5 (6%) with ∆a µ ≈ 11.6 × 10 −10 for aqua points and for red points ∆ EW can be as small as 25 (4%) with ∆a µ ≈ 15.1 × 10 −10 . 
Supersymmetry Searches at the LHC
The viable parameter space in the SSMs is still large, so efforts are going on to find its evidence(s). If R-parity is conserved, SUSY particles are pair produced, and the lightest neutralino in most of the cases is the LSP and thus dark matter candidate. Charginos (χ In the light of these results, we investigate our data in Fig. 4 We will discuss these solutions later on. We also find blue and red points with mχ0 GeV corresponding to squark mass range ∼ [1800, 4000] GeV. While for red points, the upper limits on gluino and squark masses are relatively light about 3400 GeV. Here we also note that because we have relatively light gluinos compared to mg 2 TeV reported in Refs. [16, 22] , our parameter space can be probed easily at the next round of LHC supersymmetry searches.
It is shown in Ref. [39] that the squarks and gluino with masses around 2.5 TeV, 3 TeV, and 6 TeV may be probed by the LHC14, High Luminosity (HL) LHC14, and High Energy (HE) LHC33, respectively. This clearly shows that our models have testable predictions. Moreover, if we have collider facility with even higher energy in the future, we will be able to probe even larger values of sparticle masses.
Dark Matter Relic Density
In this subsection we discuss the possible mechanism through which in our present scans, we get the observed dark matter relic density, and also satisfy all the phenomenological bounds such as sparticle mass bounds, the Higgs boson mass bounds, 3σ bounds on ∆a µ , and B-physics bounds. We have already shown the existence of bino-wino coannihilation scenario in our model in the top left panel of to dark mater pair [42] . It was shown in Ref. [43] that this decay width can be translated for bino-LSP case in terms of µ and µ 140 GeV is required in order to avoid experimental bound. We have checked that all of our red points satisfy this bound. In the same plane, there exist the Higgs-resonance solutions as a horizontal strip of red points around mχ0 1 ∼ 60 GeV . We show Point 1 in Table 2 as an example of such solutions.
In particular, note that Br(higgs →χ
, it is consistent with the results reported in Ref. [44] . In the top right and middle left panels of Fig. 4 , it is easy to see that we can accommodate the LSP neutralino-stau and LSP neutralino-tau sneutrino coannihilation scenarios. The middle right and bottom left panels of Fig. 4 show that in these scenarios, solutions withχ
380 GeV do survive. Because the production cross-section ofχ ± 1χ 0 2 is very large as compared to sleptons, it will be very hard to probe such solutions at the LHC. Apart from Higgs-pole and Z-pole solutions we also have A-resonance solutions as can be seen in Fig. 6 . The color coding is the same as in Fig. 4 , and the black line there represents m A = 2mχ0 In such a scenario we will have the mixed axion and axino (aã) dark matter [45] . In the latter case where we have relic density Ωh 2 ∼ 10 −5 − 10 −2 , the neutralino abundance can be accommodate in the Pecci-Quinn augmented MSSM, where mã > mχ0 1 and additional neutralinos are produced via thermal axino production and decay
. In these cases, the cold dark matter tends to be neutralino dominant with a small component of axions. In addition to the bino-type neutralino LSP, we have the wino-type and higgsino-type neutralino LSPs as well. Let us discuss them one by one. It was shown in
Refs. [47, 48] that for NFW and Einasto distributions, the entire mass range of thermal wino dark matter from 0.1 to 3 TeV may be excluded. In a recent study [49] , it was shown that wino as dark matter candidate is excluded in the mass range below 800 GeV from antiproton and between 1.8 TeV to 3.5 TeV from the absence of a γ-ray line feature toward the galactic center.
Because our wino-type solutions have very small relic density from 10 −3 to 10 −5 , for example, Point 5 in Table 1 , the light wino like LSP neutralino, which can provide a solution to the a µ anomaly, does satisfy the above constraints. Even if one has a thermal wino-like LSP neutralino with mass around 2.8 TeV and the observed relic density, one can escape the above bounds by assuming that the wino-like neutralino is the NLSP and decays to axino and γ. Another example of solutions with under abundance relic density is the higgsino-like LSP. In order to match the observed dark matter relic density, we need an additional dark matter candidate along with higgsino. In this scenario the higgsino could make only a small fraction of the dark matter relic density and the remaining abundance is composed of axinos produced through the vacuum misalignment [50] . This also provides the possibility to detect axinos along with the chances to detect higgsinos despite the fact that their relic density is somewhat suppressed between 1-15 in the present Universe. In the top left panel of Fig. 7 we plot the rescaled higgsino-like neutralino spin-independent cross section ξσ SI (χ 0 1 p) versus m(higgsino). The orange solid line represents the current upper bound set by the CDMS experiment, and the black solid line depicts the upper bound set by XENON100 experiment [15] , while the purpl, orange, and black dashed lines represent respectively the future reach of the LUX [51] , SuperCDMS [52] and XENON1T [53] experiments respectively. In order to account for the fact that the local higgsino relic density might be much less than the usually assumed value ρ local 0.3 GeV/cm 3 , we rescale our results by a factor ξ = Ωχ0 1 h 2 /0.11 [54] . Blue points satisfy all the bounds mentioned in Section 3 except the WMAP9 bounds. We note that these solutions have 50 ∆ EW 130 and most of the solutions have ∆ EW 100. However, the solutions with m(higgsino) in the range [200, 300] GeV have already ruled out by the XENON100 experiment, and the rest of the solutions will be probed by the LUX, SuperCDMS and XENON1T experiments but not completely. Here we would like to comment on our solution just below the XENON1T reach line with higgsino mass around m(higgsino) ∼ 200 GeV which has µ ∼ 209 GeV and ∆ EW ∼ 102. The presence of this point shows that it would be difficult to rule out the higgsino-like LSP neutralino for entire parameter space in R-parity conserving natural SUSY models [55] . The top right panel shows a plot in the rescaled higgsino-like neutralino spin-dependent cross section ξσ SD (χ [57] . The color coding is the same as the left panel. Because the IceCube detection depends on whether the Sun has equilibrated its core abundance between capture rate and annihilation rate [58] , we do not rescale our results here. It was shown in [59] that for the Sun, equilibration is reached for almost all of SUSY parameter space. If this is true, then our solutions will be probed by the future IceCube DeepCore experiment. However, we are not sure whether such equilibration can be reached if the SUSY particles are relatively heavy.
In Table 1 , we present five benchmark points. All the points satisfy the bounds on the sparticle and Higgs boson masses as well as the constraints from B-physics and ∆a µ described in Section 3. Points 1 and 2 are the solutions with the minimal values of ∆ EW that are respectively not consistent and consistent with the WMAP9 5σ bound. Here we see that the mass of the bino-like LSP neutralino is about ∼ 46-48 GeV, mχ± In Table 2 , we display another five benchmark points consistent with the constraints de- 
Discussions and Conclusion
We attempted to resolve the muon (g − 2) µ /2 discrepancy in the SM by exploring the MSSM with the EWSUSY from GmSUGRA. We identified a viable parameter space that resolves this discrepancy, and as a by product we obtained the solutions with small EWFT simultaneously. Our solutions not only provide sizable contributions to ∆a µ but also satisfy all the current experimental constraints including the LHC SUSY searches. In particular, the relic density for cold dark matter can be achieved within the 5σ WMAP9 bounds by the bin-wino, neutralinostau, neutralino-tau sneutrino coannihilation scenarios, and the A, Higgs and Z resonance scenarios. Moreover, we identified the higgsino-like LSP neutralino and calculate the spinindependent and spin-dependent cross sections on the LSP neutralinos with nucleons.
